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High molecular  weight  a lkanes  inc lud ing  t h e  s a t u r a t e d  
i s o p r e n o i d  hydrocarbons,  p r i s t a n e  and phytane,  have been 
found i n  s h a l e  1 b i l l i o n  years  o l d  from t h e  Nonesuch f o r -  
m a t i o n l r 2 ,  c h e r t  2 b i l l i o n  y e a r s  o l d  from t h e  G u n f l i n t  i r o n  
3 format ion  of  On ta r io ,  Canada , and rocks (carbonaceous l e n s  
and g r a p h i t i c - l i k e  s i l icates)  2 . 7  b i l l i o n  y e a r s  old from t h e  
Soudan i r o n  formation of  M i n n e ~ o t a ~ - ~ .  
of the  o r g a n i c  mater ia ls  i n  t h e  Nonesuch shale  and t h e  
The b iogen ic  o r i g i n  
G u n f l i n t  c h e r t  has  been ass igned  on t h e  b a s i s  of f o s s i l  micro- 
organisms conta ined  i n  t h e m  and t h e  hydrocarbons w e r e  con- 7 
s i d e r e d  t o  be remnants of t h i s  e a r l y  l i f e .  
We have analyzed 3.2 b i l l i o n  yea r  old sedimentary rocks  
f r o m  t h e  F i g  T r e e  series of the Swaziland system, e a s t e r n  
Transvaa l ,  South A f r i c a ,  f o r  a l i p h a t i c  hydrocarbons,  u t i l i z i n g  
t echn iques  d e s c r i b e d  i n  de t a i l  e l sewhere  6 1 8 f 9 .  The carbon- 
aceous s i l i ca t e  rocks from t h e  F i g  Tree series w e r e  collected 
by D r .  T.  C.  Hoering t h e  Sheba gold  mine nea r  Barber ton ,  
South A f r i c a ,  and by D r .  E .  S. Barghoorn i n  a n  o u t c r o p  nea r  
t h e  Dayl ight  mine, 28 km. e a s t - n o r t h e a s t  of Barberton.  The 
r o c k s  w e r e  b l a c k  c h e r t  (sample no. 1) and a carbonaceous 
g r a p h i t i c - l i k e  s i l i ca t e  ( s a m p l e  no. 2 )  collected by Hoering, 
and b l a c k  c h e r t  (sample no. 3 )  c o l l e c t e d  by Barghoorn. 
a d d i t i o n ,  a n  e x t r a c t  ob ta ined  by Hoering f r o m  a core specimen 
o f  s h a l e  (sample no. 4 )  w a s  analyzed.  
I n  
The procedure used w i t h  samples 1, 2 and 3 w a s  t o  p u l v e r i z e  
t h e  rocks  (after a p p r o p r i a t e  s t e p s  had been t aken  t o  remove 
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' s u r f a c e  contaminat ion)  i n  a Carver p r e s s  t e s t  c y l i n d e r ,  and 
e x t r a c t  t h e  o r g a n i c  compounds wi th  benzene-methanol (3:l) 
i n  an  a l l - g l a s s  Soxhlet- type extractor .  The e x t r a c t  s u p p l i e d  
by Hoering w a s  ob ta ined  f r o m  sample no. 4 by e x t r a c t i n g  three 
t o  f o u r  hundred grams of  t h e  crushed s h a l e  ( c o r e  sample) i n  
an  u l t r a s o n i c  g e n e r a t o r  w i t h  n-pentane. The s o l v e n t  e x t r a c t s  
w e r e  t h e n  f r a c t i o n a t e d  on s i l i c a  g e l .  The procedure  of Mein- 
s c h e i n  and Kenny' w a s  fol lowed e x c e p t  t h a t  t h e  a l i p h a t i c  hydro- 
carbons  w e r e  e l u t e d  w i t h  n-pentane i n  t h e  case of sample no. 4 .  
By c a r e f u l l y  blowing t h e  low b o i l i n g  s o l v e n t  (n-pentane) t o  a 
ve ry  s m a l l  volume, many of t h e  r e l a t i v e l y  l o w  molecular  weight  
hydrocarbons,  o r d i n a r i l y  l o s t  by evapora t ion  t o  d ryness  when 
n-heptane i s  used,  w e r e  recovered.  
- 
- 
- 
- 
The e l u a t e s  w e r e  d i s s o l v e d  i n  benzene and s u i t a b l e  a l i q u o t s  
t aken  f o r  a n a l y s i s  by gas chromatoqraphy 
tography-mass spec t romet ry .  '' 
t e n t a t i v e  i d e n t i f i c a t i o n  of t h e  s e p a r a t e d  compoundSwas ob ta ined  
by (1) c o i n j e c t i o n  of p r i s t a n e ,  phytane ,  n-octadecane, and n- 
and combined g a s  chroma- 
For t h e  g a s  chromatographic a n a l y s e s  
- - 
octadencene-1 w i t h  t h e  samples (samples 1 and 4 )  on c a p i l l a r i e s  
c o a t e d  w i t h  Polys  ev  (m-b i s  -E-(phenoxyphenoxy ) -phenoxyben zene ) . 
I
and (2) comparison of t h e  r e t e n t i o n  t i m e s  o f  t h e  compounds i n  
t h e  samples (samples 1-4) w i t h  t h o s e  of appropr i a t e  hydrocarbon 
s t a n d a r d s  (normal a l k a n e s ,  p r i s t a n e ,  phytane ,  n-hexadecene-1, 
n-octadecene-1, n-eicosene-1,  and n- t r icosene-1)  chromatographed on 
t h e  s a m e  columns (Polysev)  and a t  t h e  same c o n d i t i o n s .  For t h e  
- 
- - - 
g r a p h i t i c - l i k e  s i l i c a t e  [sample no. 21,  i n  a d d i t i o n  t o  t h e  c a m -  
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parison of retention times of eluted components and standards 
(normal hydrocarbons, pristane, and phytane) made with Polysev 
as the liquid phase, similar comparisons were made using a 15 m 
packed column with SE-30 as the liquid phase. 
Mass spectrometric identifications (samples 1,and 4 )  were 
made by taking individual mass spectra of the individual com- 
ponents as they were eluted from the Polysev coated capillary . 
These spectra were compared with spectra of the aforementioned 
11 
standards obtained in the same manner. Since we did not have 
a standard, the assignment of norpristane was made by comparing 
our mass spectrum with available C isoprenoid mass spectra. 2 18 
Figure 1 shows the chromatograms obtained using Polysev as 
the liquid phase in stainless steel capillary columns. The 
hydrocarbons shown in Figure 1A were obtained from the internal 
part of a chert sample (sample no. l), which was treated with 
chromic acid cleaning solution prior to crushing and extracting. 
Normal alkanes ranging from C15 through C26 were found to be 
present. The peaks designated as a and b correspond by their 
chromatographic position to pristane and phytane, respectively. 
The peak immediately following n-C16 - contains A-C16, but pro- 
bably also contains norpristane. The shape of the peak clearly 
shows that it represents at least two compounds. The peaks im- 
mediately following - n-C18, and - n-C22 correspond to the 
- 4 -  
normal C18, C 2 0  and C 2 2  monoenes r e s p e c t i v e l y .  
t e n t i o n  t i m e s  do  n o t  correspond t o  t h e  r e s p e c t i v e  n-alkyl-  
The re- 
- 
cyclohexanes.  The r e t e n t i o n  t i m e s  of t h e s e  c y c l i c  a l k a n e s  
( o n  Polysev)  almost co inc ide  w i t h  t h o s e  o f  normal a lkanes  
having one more carbon. A s  i n d i c a t e d  e a r l i e r ,  t h e  i d e n t i -  
f i c a t i o n  of  t h e  o l e f i n s  was made on t h e  b a s i s  o f  bo th  mass 
e t r i c  
spec t romn a n a l y s i s  and r e t e n t i o n  t i m e s  of known hydrocar- 
bons (normal C16, C18, C20, and C Z 2  monoenes). The g a s  
chromatographic a n a l y s i s  of t h i s  sample made on t h e  LKB 
9000 in s t rumen t  i s  shown i n  F igu re  1E. 
A second a n a l y t i c a l  de t e rmina t ion  of a l k a n e s  w a s  c a r -  
r ied o u t  w i t h  s m a l l  p i e c e s  ( i n s i d e  and o u t s i d e )  of  t h e  
same specimen of c h e r t .  The decontaminat ion  of  p o s s i b l e  
s u r f a c e  contaminants  was performed t h i s  t i m e  n o t  by t reat-  
ment w i t h  chromic acid,  b u t  by c a r e f u l l y  e x t r a c t i n g  t h e  
rock  s u r f a c e  w i t h  o rgan ic  s o l v e n t  (benzene methanol , 3 : 1) . 
A f t e r  e x t r a c t i o n  t h e  p i eces  w e r e  t hen  d r i e d ,  c rushed ,  ex- 
tracted and t h e  e x t r a c t  analyzed.  
The chromatographic p a t t e r n  o f  t h e  p a r a f f i n i c  hydro- 
carbons  recovered  from t h e  sample i s  shown i n  F i g u r e  1C.' 
As shown, t h e  chromatographic p a t t e r n  i s  t h e  s a m e  as t h a t  
of F igu re  1A. Approximately t h e  s a m e  l e v e l  of hydrocarbons 
(0.02 ppm) was found i n  sample no. 1 by t h e  t w o  s e p a r a t e  
and s l i g h t l y  d i f f e r e n t  a n a l y t i c a l  de t e rmina t ions .  The m a s s  
s p e c t r o m e t r i c  r e s u l t s  of t h e  second d e t e r m i n a t i o n  w e r e  
e s s e n t i a l l y  as obta ined  f o r  t h e  f i r s t .  Furthermore,  i n  t h e  
second a n a l y s i s ,  t w o  m a s s  s p e c t r a  w e r e  t aken  of t h e  peak 
~ - _  
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immediately fo l lowing  - n-C16, one on t h e  ascending s i d e  of 
t h e  peak b e f o r e  i n f l e c t i o n  and t h e  o t h e r  on  t h e  descending 
s i d e .  The components of  t h i s  peak w e r e  found i n  f a c t  t o  
be n o r p r i s t a n e  and C monoene as  i n d i c a t e d  by t h e  f i r s t  
a n a l y s i s .  The m a s s  s p e c t r a  of  t h e  i sop reno id  hydrocarbons 
of t h i s  sample are p resen ted  i n  F igu re  2 .  They are essen-  
t i a l l y  i d e n t i c a l  t o  t h o s e  g i v e n  by s t a n d a r d s .  The c o n t r o l s  
o r  p rocedura l  b l anks  (g l a s s  w a s  c a r r i e d  through a l l  analy-  
t i c a l  s t e p s  i n c l u d i n g  p u l v e r i z a t i o n  i n  t h e  Carver  p r e s s  
a s s o c i a t e d  w i t h  t h e  p a r t i c u l a r  samples) are shown i n  Fig- 
u r e s  1 B  and 1D. As s e e n  t h e  a l k a n e  c o n t r i b u t i o n  of  t h e  
b l anks  amounts t o  less than  1% and 5% r e s p e c t i v e l y  of t h e  
16 
amounts found i n  t h e  a c t u a l  samples.  
Sample no. 2 ( g r a p h i t i c - l i k e  s i l i c a t e  o b t a i n e d  f r o m  
Hoering) and sample no. 3 (b l ack  c h e r t  ob ta ined  f r o m  Barg- 
hoorn) w e r e  b o i l e d  i n  benzene-methanol ( 3 : l )  t o  remove any 
p o s s i b l e  s u r f a c e  contaminat ion .  
f r o m  t h e s e  samples w e r e  analyzed on a 305 m long  x 0.76  mm 
i n s i d e  d iameter  s t a i n l e s s  s tee l  c a p i l l a r y  coa ted  w i t h  Pdly- 
sev. Extremely l o w  levels  of hydrocarbons (approximately 
0.003 ppm) w e r e  ob ta ined .  Small  peaks r e p r e s e n t i n g  hydro- 
carbons  i n  t h e  C12-C19 range w e r e  ob ta ined .  Peaks having 
t h e  r e t e n t i o n  t i m e  of p r i s t a n e  and phytane s t a n d a r d s  w e r e  
The n-heptane e l u a t e s  - 
d e t e c t e d  i n  t h e  g r a p h i t i c - l i k e  s i l i c a t e ,  b u t  n o t  i n  t h e  
c h e r t .  The much lower y i e l d s  o b t a i n e d  w i t h  t h e s e  t w o  
samples show t h a t  s i g n i f i c a n t  va r i a t ions  i n  t h e  hydrocarbon 
/ ' .  -6- 
c o n t e n t  of t h e s e  rocks  e x i s t .  I n  g e n e r a l ,  v a r i a t i o n s  i n  
hydrocarbon c o n t e n t  can be expec ted  from d i f f e r e n t  Sam- 
p l e s  o f  t h e  same sediment .  Indeed,  s i g n i f i c a n t  v a r i a t i o n s  
have been observed i n  o u r  l a b o r a t o r y  i n  rocks  f r o m  t h e  
G u n f l i n t  i r o n  format ion  of s o u t h e r n  On ta r io .  The e x i s t e n c e  
of such hydrocarbon-def ic ien t  rocks  makes it p o s s i b l e  t o  
r u n  idea l  a n a l y t i c a l  c o n t r o l s  f o r  samples from t h e  same 
format ion  which may be  r i c h e r  i n  hydrocarbons.  The he te ro -  
g e n e i t y  of q u a n t i t a t i v e  d i s t r i b u t i o n  of hydrocarbons may 
be t h e  r e s u l t  of d i f f e r e n c e s  i n  t h e  c o n c e n t r a t i o n  o r  com- 
p o s i t i o n  of o r g a n i c  m a t t e r  o r  i n  t h e  thermal  metamorphism 
of t h e  rocks analyzed.  T h i s  h e t e r o g e n e i t y  may be taken  
as an i n d i c a t i o n  t h a t  t h e  hydrocarbons w e r e  n o t  incorp-  
o r a t e d  i n t o  t h e  rocks  by a g e n e r a l  p'rocess of petroleum 
m i g r a t i o n  i n  more r e c e n t  t i m e s .  
I n  o r d e r  t o  o b t a i n  a d d i t i o n a l  d a t a  on F ig  T r e e  P r e -  
cambrian sed iments ,  a core of t h e  F ig  T r e e  s h a l e  (sample 
no. 4 )  w a s  e x t r a c t e d  (see above) more r e c e n t l y  a t  t h e  
Geophysical Laboratory of t h e  Carnegie  I n s t i t u t e  o f  
Washington by D r .  T.  C.  Hoering, and t h e  r e s u l t i n g  hydro- 
carbons w e r e  analyzed a t  Houston. The r e s u l t s  o b t a i n e d  
w e r e  s i m i l a r  t o  t h o s e  of F igu re  1 e x c e p t  t h a t  more of  
t h e  l o w  molecular  weight  a lkanes  and less o f  t h e  h i g h e r  
molecular  weight  p a r a f f i n s  w e r e  d e t e c t e d .  This  i s  indeed 
what would be expected by t h e  u s e  of  n-pentane as  a sol-  
v e n t  i n s t e a d  of n-heptane. 
w e r e  of t h e  o r d e r  of  0 . 1 5  ppm. 
- 
The amounts of  hydrocarbons - 
t f  
I '  -7- 
A l i p h a t i c  hydrocarbons a r e  p r e s e n t  i n  t h e  F ig  T r e e  rocks  
a t  ex t remely  l o w  l e v e l s  (0.003-0.15 ppm). S u f f i c i e n t  d a t a  
are n o t  a v a i l a b l e  t o  a s c e r t a i n  whether o r  n o t  t h e  hydrocarbons 
d a t e  from d e p o s i t i o n .  However, t h e  t r e a t m e n t  of t h e  samples 
p r e c l u d e s  t h e  hydrocarbons being merely s u r f a c e  contaminants .  
Th i s  conc lus ion  i s  i n  l i n e  w i t h  t h e  f a c t  t h a t  t h e  13C/12C 
r a t i o s  o f  t h e  e x t r a c t a b l e  and i n s o l u b l e  o r g a n i c  m a t t e r  of t h e  
F i g  T r e e  rocks  are e s s e n t i a l l y  i d e n t i c a l 1 2 .  
comments12 on t h e  d i s c r e p a n c i e s  t o  t h i s  c o r r e l a t i o n  t h a t  occur  
for s e v e r a l  Precambrian samples i n d i c a t e  t h a t  more work on carbon 
i s o t o p e  d i s t r i b u t i o n  needs t o  be done b e f o r e  t h e  a c t u a l  s i g n i f i -  
cance  of 13C/12C r a t i o s  can be  a s c e r t a i n e d .  
found i n  t h e  F ig  Tree s h a l e  t h a t  have t h e  morphology of f o s s i l  
However, Hoering 's  
E n t i t i e s  have been 
bacteria and p o s s i b l y  algae13 a n d  these hydrocarbons may be  
remains from t h i s  e a r l y  l i f e .  
The occurrence  of o l e f i n s  i n  some samples of  F ig  T r e e  
chert i s  somewhat unexpected. Although o l e f i n s  have been 
observed i n  Pennsylvania  c rude14 ,  i n  g e n e r a l  t h e y  a r e  rela- 
t i v e l y  rare i n  petroleum c rudes  and sediments .  T h e i r  p re sence  
i n  t h e  c h e r t y  Precambrian sediment i s  n o t  e a s i l y  understood 
u n l e s s  one assumes t h a t  t h e  o l e f i n s  can  be  p re se rved  i n  t h e  
c h e r t  m a t r i x ,  f o r  long p e r i o d s  of t i m e  or t h a t  t hey  may be  
p r o d u c t s  of t h e  thermal  deg rada t ion  of b i o l o g i c a l  compounds 
such  as even carbon-numbered a l c o h o l s .  
The r e l a t i v e  l a r g e  amounts of p r i s t a n e  found i n  t h e  
sediment  may be  t aken  a s  an  i n d i c a t i o n  t h a t  t h e  i sop reno id  
i 
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hydrocarbons a r e  probably b iogenic .  However, it has  been 
demonstrated t h a t  2-methylbutane ( i s o p r a n e )  and o t h e r  branched 
hydrocarbons can b e  synthes ized  by Fischer-Tropsch p rocesses  
Thus,  it i s  n o t  imposs ib le  t h a t  c e r t a i n  i sop reno id  hydrocarbons 
could  a l s o  be  formed a b i o t i c a l l y .  Y e t ,  more work needs t o  be  
15,16 
done on t h i s  t y p e  of s y n t h e s i s  b e f o r e  advancing any s p e c u l a t i o n s .  
To o u r  knowledge no assignment  of c o n f i g u r a t i o n  t o  
t h e  asymmetric c e n t e r s  of f o s s i l  p r i s t a n e  and phytane has  been 
m a d e .  With t h e  f u r t h e r  development of some r e c e n t  t echn iques  
u s i n g  o p t i c a l l y  a c t i v e  phases’’ it may e v e n t u a l l y  be p o s s i b l e  
t o  s e p a r a t e  t h e  stereoisomers (e.g. enant iomers ,  d s t e r e o m e r s )  
o f  p r i s t a n e  and phytane. Then t h e  aforementioned assignments  
of c o n f i g u r a t i o n  would be f e a s i b l e  and it might be p o s s i b l e  t o  
d i f f e r e n t i a t e  between a b i o l o g i c a l l y  and b i o l o g i c a l l y  d e r i v e d  
i sop reno ids .  Although w e  do n o t  know t h e  isomeric forms of  
t h e  i sop reno id  s t r u c t u r e s  examined, w e  do n o t  b e l i e v e ,  on t h e  
bas i s  o f  t he  g a s  chromatographic and m a s s  s p e c t r o m e t r i c  data ,  
t h e  compounds t o  be isomers i n  which methyl s u b s t i t u e n t s  are  
d i s p l a c e d  from t h e  p o s i t i o n s  found i n  p r i s t a n e  and phytane. 
Neve r the l e s s ,  it is  p o s s i b l e  t h a t  o u r  methods might n o t  d e t e c t  
a s h i f t  i n  p o s i t i o n  of  o n l y  one methyl  group. 
A f t e r  completing t h i s  work, w e  have l ea rned  t h a t  
i s o p r e n o i d  and p a r a f f i n i c  hydrocarbons have a lso been d e t e c t e d  
by o t h e r  workers i n  samples of t h e  F i g  Tree chert  which had 
a p p a r e n t l y  undergone a m i n i m u m  amount of thermal  m e t a m o r -  
phism18 and i n  s i m i l a r  r ocks  which presumably were more 
-9- 
b 
. metamorphosedl2. The o rgan ic  geochemistry of Precambrian 
sediments  and t h e  problems involved  i n  a s s e s s i n g  t h e  role 
of c o n t m i n a t i o n  and metamorphism, arid de te rmining  whether 
t h e  hydrocarbons d a t e  from sediment  d e s p o s i t i o n  or are t h e  
r e s u l t  of l a t e r  i n f i l t r a t i o n s  i n t o  t h e  rock  have been re- 
c e n t l y  d i s c u s s e d  i n  some d e t a i l  by Hoering 1 2  . 
Because of  t h e  compact n a t u r e  of s o m e  of  t h e s e  rocks ,  
e s p e c i a l l y  t h e  c h e r t ,  and t h e  fac t  t h a t  i n t e r n a l  samples 
w e r e  analyzed i n  m o s t  cases, it i s  probable  t h a t  t h e  hydro- 
carbons  are indigenous t o  t h e  rock .  The f a c t  t h a t  m i c r o -  
fossils  have been found i n  some of t h e s e  rocks  would sugges t  
a biochemical  o r i g i n  f o r  t h e s e  hydrocarbons which took p l a c e  
abou t  3.2 x 1 0  y e a r s  ago. H o w e v e r ,  a d d i t i o n a l  r e s e a r c h  9 
work w i l l  have t o  be c a r r i e d  o u t  i n  o r d e r  t o  d e c i d e  i n  a 
m o r e  d e f i n i t e  way whether t h e s e  hydrocarbons d a t e  from 
sediment  d e p o s i t i o n  and whether t hey  are  b iogen ic  o r  n o t .  
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Figure 1. Gas chromatographic separation of alkanes from 
the Fig Tree chert with capillary columns (Polysev). 
Stainless steel tubing 91.5 m x 0.076 mm, coated 
with Polysev. 
equipped with a flame ionization detector. Nitrogen 
pressure, 1050 g/cm . No split. Chert extracted 
F and M model 810 gas chromatograph 
2 
(pulverized inside piece), 100.5 grams. About 3 j  
of the - n-heptane eluate was injected. Range 10; 
attenuation, 4 .  Isothermal at 140° C for 22 m'in- 
Utes, then programmed at approximately-60 C per 
minute to 200O C. 
Blank (pulverized glass substituted for sample), 
treated in the same way as the sample. 
Analytical equipment and conditions same as in ( A ) .  
Chert extracted (pulverized piece which included 
some solvent-cleaned outside material), 97.9 grams. 
About 3 j  of the - n-heptane eluate was injected. 
Blank (pulverized glass substituted for sample), 
treated as sample. 
Stainless steel tubing, 75 m x 0.76 mm, coated with 
Polysev. LKB 9000 gas chromatograph-mass spectrometer 
combination. Helium flow, 24 ml/min. No split. 
Same sample and eluate as in A .  About 1/3 of the 
eluate was injected. Gain, 6. Isothermal at 1300 C 
L .  
for  1 8  minutes ,  then  programmed a t  approximate ly  
1.5OC p e r  minute  t o  200OC. 
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Mass s p e c t r a  of s a t u r a t e d  i s o p r e n o i d  
hydrocarbons from the  F i g  T r e e  c h e r t  
sample e x t r a c t e d  i n  Houston. Obtained 
u s i n g  an LKB 9 0 0 0  g a s  chromatograph- 
mass spec t romete r  combination. 
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